Vascular endothelial growth factor D (VEGF-D) is a member of the VEGF/PDGF superfamily that has been implicated in angiogenesis and lymphangiogenesis. We have isolated a chick cDNA that shows homology with VEGF-D (also known as FIGF, c-fos-induced growth factor) of other species. Here, we describe the expression pattern of cVegf-D in chick embryos. In the limb buds, cVegf-D shows a dynamic expression pattern that is restricted to the mesenchyme of the posterior region. cVegf-D expression is also detected in the ectoderm and mesenchyme of the head region, somites, notochord and pharyngeal arches. We also report on the capability of Sonic hedgehog and retinoic acid to regulate cVegf-D expression. q
Results
Vascular endothelial growth factor D (VEGF-D) belongs to the VEGF family and can activate the receptors VEGFR2 and VEGFR3 implicated in angiogenesis and lymphangiogenesis (Eichmann et al., 1997; Achen et al., 1998; Veikkola et al, 2001) . VEGF-D is mitogenic for endothelial cells in vitro (Achen et al., 1998) , angiogenic in vivo and in vitro (Marconcini et al., 1999) , and lymphangiogenic in tumors ).
In a screen for genes implicated in the anterior-posterior patterning formation during chick limb development, we isolated a cDNA (GeneBank AF479650) whose deduced protein sequence is homologous with VEGF-D of a human, mouse and rat (Fig. 1) .
Although the expression pattern of cVegf-D has been described in embryonic (Avantaggiato et al., 1998) and adult mice (Farnebo et al., 1999) , we carried out an in situ hybridization study in chick embryos from stages when the presumptive limb bud field appears to elucidate a detailed expression pattern of this gene during limb development. At stage HH12 (according to Hamburger and Hamilton, 1951) , cVegf-D mRNA is detected in the ectoderm of the somitic region including the prospective wing field ( Fig. 2A-C) . Embryonic sections at stage HH14 show a dynamic expression of cVegf-D. In the most caudal part of the embryo, cVegf-D is detected in the notochord and ectoderm (Fig.  2C3, C4 ), while in the somitic region, cVegf-D expression is not found in the notochord but in the medial sclerotome (Fig. 2C2, C3 ). Also, ectoderm and mesoderm of the head (Fig. 2C1) were labeled by cVegf-D antisense probe. At stage HH15, expression of cVegf-D is also detected in the presumptive leg field (Fig. 2D ). Later on, at stage HH17, when limb buds begin to grow from the body of the embryo, there is a gradient of expression along the antero-posterior axis of the limb buds. The expression pattern shows a marked transcript intensity in the posterior region of the limb and is restricted to the mesenchyme (Fig. 2E) as it can be observed in sections (Fig. 2G1, H1 ). From stage HH19 to HH24, cVegf-D expression is not observed in the most anterior part of the forelimb and hindlimb, except in the proximal part of the limb bud where the expression is maintained along the anterior-posterior axis ( Fig. 2F-I ).
From stage HH25 (Fig. 2I ), cVegf-D expression can be appreciated in different domains along the proximo-distal axis of the limb. By this time (HH25), a strong downregulation of cVegf-D transcripts is shown in the most anterior region of the limb. A distal expression domain observed at stage HH25 is maintained at the distal part of the digital plate and later at the tip of the digits (Fig. 2J, K ). An addi-tional medial domain and nearly the entire posterior region of the limb bud express cVegf-D between the body axis and the forming digital plate. Different expression domains are quite similar between the forelimb and hindlimb (Fig. 2E-G ). At later stages, cVegf-D is expressed in the feather buds (Fig. 2L, M) , and also the expression is maintained by surrounding the notochord and the ventral part of the neural tube (data not shown). The expression pattern shown by cVegf-D throughout the limb development along the anterior-posterior axis suggests the possibility that two of the factors implicated in limbpatterning along this axis, Sonic hedgehog (Shh) and retinoic acid (RA), could modulate cVegf-D gene expression as they are capable of modulating the expression of many genes along this axis (Capdevila and Izpisúa Belmonte, 2001 ). Further, it has been shown that Shh can induce VEGF in the eye (Pola et al., 2001) . Shh is expressed in the zone of polarizing activity located in the most posterior part of the limb bud (Riddle et al., 1993) . After implantation of QT6 cells expressing Shh in the anterior part of the limb bud, we observed from 5 h onwards the ectopic expression of cVegf-D in the anterior part of the limb bud (Fig. 3A,  15 h ) but not earlier. At 48 h, Shh induced a mirror image duplication of the limb bud and also a mirror image duplication of the cVegf-D expression in the anterior part of the limb (Fig 3A, 148 h Shh).
Application of RA-embedded beads in the anterior part of the limb bud resulted in cVegf-D ectopic expression in the anterior region of the limb bud after 15 h of exposure (Fig.  3B, 110 h, 115 h) . As in the case of Shh, RA can induce mirror image duplication in the limb bud. Thus, RA-induced cVegf-D ectopic expression can be observed in the duplicated tissue at the anterior part of the limb (Fig 3B, 136 h ).
Experimental methods
The expression pattern of several clones from a cDNA chick limb library (HH19-HH24) was subjected to wholemount in situ hybridization as described (Wilkinson, 1993) . Chicken embryos were staged according to Hamburger and Hamilton (1951) . cVegf-D clones were isolated from a limb library and also from a whole embryo library and sequenced. Preparation of RA beads and QT6 Shh-expressing cells was described (Duprez et al., 1998; Tavares et al., 2001) . . From HH12, cVegf-D is also expressed in the lateral and dorsal ectoderms, dorsal mesoderm of the head lining brain region (C1), and in the branchial arches (A-C). Stage HH14 sections show differential expression between the anterior and most caudal notochord (C2-C4). cVegf-D is detected in the medial sclerotome region and from the ventral part of the neural tube to the dorsal aorta, but not in the notocord as occurs in the caudal region (C1, C2). A gradient of expression along the anterior-posterior axis is maintained during limb bud outgrowth (E-G). No expression was detected in the ectoderm (G1, HH20; H1, HH25). As there are no differences in the cVegf-D expression pattern between wing and leg buds, after stage HH25 we show the expression only in wings (H-M). While cVegf-D expression always remains downregulated in the anterior region of the limb, a dynamic expression pattern along the proximal-distal axis is observed, where the segments of the limbs begin to form (J,K). At later stages, cVegf-D mRNA is present in the feather buds in a restricted expression pattern (L, M). White lines indicate sections (C1-C4), and black arrows indicate labeled areas: ba, branchial arches; ec, ectoderm; es, sclerotome; L, leg; m, mesoderm; n, notochord; ov, otic vesicles; s, somite and W, wing.
